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METHODS AND COMPOSITIONS FOR IN VITRO SYNTHESIS 
OF BIOLOGICAL MACROMOLECULES IN A CELL-FREE SYSTEM ENRICHED 
WITH ATP-SULFURYLASB. 

5 The present invention pertains to the field of 

methods and compositions that enhance in vitro synthesis of 
biological macromolecules such as nucleic acids and proteins 
in a cell -free system. 

10 Background s 

In recent years, in vitro synthesis have been 
considered as an alternative to the conventional recombinant 
DNA technology, because of relatively high level of nucleic 
acid and protein production free from disadvantages 

15 associated with cellular expression. In vivo protein 
expression, being a powerful tool, has a set of significant 
limitations : (1) proteins produced in vivo could be 
sxabj acted to degradation or post-translational modifications 
during cellular expression, such as glycosylat ion, 

20 deamination or oxidation; (2) cytotoxic or insoluble 
proteins may affect their, synthesis and inhibit metabolic 
processes and the viability of the cell. To overcome these 
problems in vitro protein synthesis is mainly applied to (1) 
expression of toxic proteins; (2) radiolabeling of newly 

25 synthesized proteins and incorporation of unnatural amino 
acids; (3) screening quickly and economically for 
pharmaceuticals, food, environmental and commodity products* 
The synthesis of proteins and other biological 
macromolecules in a cell- free system is based on cell 

30 extract. A typical in vitro cell-free system comprises : (1) 
a crude cell extract which contains the enzymes and factors 
necessary for transcription and translation [Zubay G: In 
vitro synthesis of proteins in microbial system, Annu Rev 
Genet 1973, 7:267-287], (2) NTPs, (3) an energy regeneration 

35 system like acetyl phosphate (AcPh) and acetate kinase. 
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phosphoenolpyruvate (PEP) and pyruvate kinase or creatine 
phosphate (CrPh) and creatine kinase, and (4) DNA and RNA. 

However so called batch mode of cell -free gene 
5 expression systems has not been widely accepted as a 
practical alternative due to the short time of protein 
synthesis. After the development of a continuous flow cell- 
free (CFCF) system by Spirin et al. (Science 242: 1162-1164, 
1988), where reaction time could be extended up to 50 hours, 
10 several iti^rovements have been done by others (Kim DM, Choi 
CY: A semicontinous prokaryotic coupled cell-free system 
using a dialysis membrane, Biotechnol Prog 1996, 12: 645- 
649; Madin K. , Sawasaki T., Ogasawara T., Endo E: A highly 
efficient and robust cell- free protein synthesis system 
15 prepared from wheat embryos: plants apparently contain a 
suicide system directed at ribosomes, Proc Natl Acad Sci 
2000, 97: 559-564) . 

Suiranaries of various applications demonstrated 
that at the moment both types of in vitro expression 
20 systems, batch mode system [Kawarasaki Y, Nakano H, Yamane 
T, Anal Biochem 1995, 226: 320-324 ; Nakano H, Tananka T, 
Kawarasaki Y, Yamane T, Bioaal Biotechnol Bioabem 1994, 58: 
631-634 / Kim DM, Kigawa T, Chen CY, Yokoyama S, Eur J 
Biochem 1996, 239: 881-886; Patnaik R, Swartz JR, 
25 BioTechniques 1998, 24: 862-868] and systems of continuous 
actions [Tulin BE, Ken-Ichi T, Shin-Ichiro E, Biotechnol 
Bioeng 1995, 45: 511-516 ; Kim DM, Choi CY, Biotechnol Prog 
1996, 12: 645-649 ; Madin K. , Sawasaki T., Ogasawara T., 
Endo E, Proc Natl Acad Sci 2000, 97: 559-564] are under 
30 intensive investigations and developing very fast. 

The published and commercially available batch 
in -vitro systems are able to synthesized up to 0.5 mg/ml, 
and the continuous reactors can produce up to 3-5 mg of 
desired proteins per ml of reaction. In case of wheat germ 
35 cell-free continuous expression system the reaction time was 




extended up to 5 days [Madin K. , Sawasaki T., Ogasawara T. , 
Bndo E, Proc Natl Acad Sci 2000, 97: 559-564]. In these 
systems, the continuous removal of the inhibitory by-product 
as well as the continuous supply o£ stabstrates and energy 
5 source enable the continuous reaction system to support 
protein synthesis over long reaction periods. 

The biochemical energy in a cell -free system is 
supplied by the hydrolysis of triphosphates. For efficient 

10 transcription and translation the triphosphate concentration 
is maintained by an. energy regeneration system: creatine 
phosphate with creatine phosphokinase, phosphoenolpyruvate 
with pyruvate kinase, and acetyl phosphate with endogenous 
E. coll acetate kinase [Ryabova LA, Vinokurov LM, 

15 Shekhovtsova EA, Alakhov YB, Spirin AS, Anal Biochem 1995, 
226: 184-186] . 

Studies of triphosphate levels in different 
cell -free systems detected a high rate of their hydrolysis, 
to inorganic phosphate and diphosphates, mainly 

20 independently of protein synthesis and these correlates with 
sudden cessation of protein synthesis [Yao SL, Shen XC, 
Suzuki E, J" Fozment Bxoeng 1997, 84:7-13 ; Kim RG, Choi CY, 
J Biotechnol 2000, 84: 27-32] • The inhibitory effect of 
accumulating phosphate was also shown directly [Kim D-M, 

25 Swartz JR, Biotechnol Prog 2000, 16: 385-390] . 

Significant modification of ATP -regeneration 
system for B. coll in vitro expression was made by Swartz 
[Kim D-M, Swartz . JR, Biotechnol and Bioongin 1999, 66: 180- 
188; US patent 6,168,931; US patent 6,337,191] where 

30 standard energy sources li]ce acetyl phosphate, 
phosphoenolpyruvate (PEP) and pyruvate kinase (PK) have been 
replaced by pyruvate in combination with the enzyme pyruvate 
oxidase to generate acetyl phosphate. The use of glycolytic 
intermediates or glucose energy source in combination with 

35 NADH and NAD* was also proposed. Thus, energy source like 
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PEP that also increases the net free phosphate in the 
reaction mix was omitted. However, the use of glycolytic 
intermediates, glucose or pyruvate generally support protein 
synthesis for a period of time no longer than two hours, 
5 indicating decrease of NTP's regeneration efficiency or net 
accumulation of free phosphate. 

As shown from the above, the low production 
protein amovmt is a main drawback of industrialization of 
cell-free protein synthesis. Therefore, improvements are 

10 still required in terras of total productivity of the protein 
by increasing the specific production rate and the length of 
system operation by regenerating an expensive energy source 
in order to both recycle the regenerated energy source and 
consume inorganic phosphate which is a strong protein 

15 synthesis inhibitor. 

Definitions . 

In vitro transcription-translation and cell-free 
transcription- translation refer to any method for cell -free 
20 synthesis of a desired protein from DNA encoding the desired 
protein. 

In vitro translation and cell -free translation 
refer to any method for cell -free synthesis of a desired 
protein from ribonucleic acid (RNA) encoding the desired 
25 protein. 

Cell-free protein synthesis and in vitro protein 
synthesis refer to both in vitro transcription- translation 
.and in vitro translation. 

Cell -free extract as used herein denote any 

30 preparation comprising the components of a cell's protein 
synthesis machinery wherein such components are capable of 
expressing a nucleic acid encoding a desired protein. Thus, 
a cell free extract comprises components that are capable of 
translating messenger ribonucleic acid (mRNA) encoding a 

35 desired protein. 




Biological macrotnolecules , biological materials 
and biological polymermolecules refer to i-e. nucleic acids, 
proteins and fragments thereof . 

Cell -free extract enriched with ATP-sulf urylase 
5 or cell -free extract containing extra ATP-sulfurylase means 
that the ATP-sulfurylase concentration is beyond what is 
usual. The increased or extra amount of ATP-sulfurylase was 
obtained either by externally adding exogenous ATP- 
sulfurylase to the cell -free extract or by preparing cell- 
10 free extract from cells transformed with a vector over- 
expressing ATP-sulfurylase. 

Cell -free system enriched with ATP-sulfurylase 
means that the ATP-sulfurylase concentration in the system 
is beyond what is usual. It comprises either cell-free 
15 extract enriched with ATP-sulfurylase and all components 
used for macromolecules synthesis or standard cell- free 
extract, all components used for macromolecules synthesis in 
which extra ATP-sulfurylase was added. 

NTPs refer to nucleotide triphosphates (ATP, 
20 DTP, GTP cuid CTP) . 

Suanmarv of the invention > 

The present invention provides methods for 
enhancing In vitro synthesis of biological macromolecules in 

25 a cell-free system where ATP is required as a primary energy 
source, said method using a cell -free system enriched with 
ATP-sulfurylase. The invention relates also to cell-free 
system and cell-free extract enriched with ATP-sulfurylase 
for enhancing In vitro synthesis of any biological 

30 macromolecules according to the above method. These 
biological macromolecules can have various origins 
(Procaryotic and Eucaryotic) . 

The enhancing in vitro synthesis methods and 
compositions provided by the invention are useful for in 

35 vitro production of a wide range, of biological 
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polymermolecules such as nucleic acids ^ proteins and 
fragments thereof. 

ATP-sulfuarylase plays several different roles in 
nature. In fungi ^ yeasts, most heterotrophic bacteria, 
algae, and higher plants, ATP-sulfurylase catalyzes the 
first intracellular reactions in the assimilation of sulfate 
into reduced organic molecules. In anaerobic sulfate 
reducing bacteria, ATP sulfurylase forms APS (adenosine 5'- 
phosphosulfate) solely to serve as the terminal electron 
acceptor of heterotrophic metabolism. In certain chemo- and 
photolithotrophic bacteria, ATP sulfurylase catalyzes the 
last reaction in the oxidation of reduced inorganic sulfur 
compounds to sulfate. In sulf ate-assimilating organism, ATP 
sulfurylase (ATP: sulfate adenyl transferase, EC 2.7.7.4) 
catalyzes the first intracellular reaction in the 
incorporation of inorganic sulfate (80^%) into organic 
molecules, such as adenosine 5 ' -phosphosulf ate (APS) 
[Karamohamed S et al . : Production, purification, and 
luminometric analysis of recombinant aaccharomycea 
cereviaiae MET3 adenosine triphosphate sulfurylase expressed 
in Escherichia coll. Protein expression and Purification 
1999, 15; 381-388] . 

ATP sulfurylase is widely distributed in nature 
and has been purified from a number of sources including 
lower and higher microorganisms, plants and animals. ATP 
sulfurylase genes have been also cloned from procaryotes, 
lower eucaryotes, plants, as well as animals. 

ATP sulfurylase has been used for many 
applications such as DNA sequencing (W09813523A1, Nyren et 
al. Anal. Biochem. , (1985) 151, 504-509). The method is 
based on the detection of base incorporation by release of 
pyrophosphate (PPi) . In the assay, the PPi which is 
generated is subsequently converted to ATP by ATP 
sulfurylase and the ATP production is monitored by 



lucif erase. However, in the assay, ATP production is not 
used for DNA synthesis but only for the detection process • 

ATP- sul fury lase utilizes inorganic phosphate for 
5 regeneration of ATP as shown in the scheme hereunder, which 
is the most commonly used source of energy but the other 
three NTPs are also used in protein expression axxd ATP can 
be used for their regeneration in a cell extract. 

ATP-sulfurylase 

10 PPI+APS ^ ^ ATP + SO42- 

Descrlption of the figures . 

Figure 1 shows the synthesis of lactamase 

15 versus ATP-sulf urylase concentration in an E. colx cell-free 
transcription- translation system from Invitrogen, 

Figure 2 shows the synthesis of p- lactamase 

versus ATP-sulfurylase concentration in an E. coll cell-free 
transcription- translation system from Novagen. 
20 Figure 3 shows the synthesis of P- lactamase 

versus ATP-sulfurylase concentration in a cell-free protein 
synthesis system based on the E. colx S30 extract 
constructed according to Kigawa et al (1999) 

Figure 4 shows the kinetics of synthesis of P- 

25 lactamase in the absence or presence of ATP-sulfurylase in a 
cell-free translation system based on the E. coll S30 
extract • 

Figure 5 shows kinetics of the synthesis of p- 

lactamase in the absence or presence of ATP-sulfurylase in a 
30 cell-free transcription-translation system based on the E. 
coll S30 extract. 



8 



Figure 6 shows the synthesis of p- lactamase in 

the absence or presence of ATP -sul fury lase in a Bacillus 
Bixbtilis cell-free translation system. 



Detailed description > 

Methods and compositions are provided for 
enhancing in vitro synthesis of biological macromolecules in 
a cell -free system where ATP is required as a primary energy 

10 source. The method comprises synthesizing biological 
materials in a reaction utilizing NTPs as a primary energy 
source, wherein NTPs are regenerated using energy 
regeneration system. 

The method according to the present invention is 

15 characterized in that the In vitro synthesis of biological 
macromolecules is performed with a cell -free system enriched 
with ATP-sulfurylase. 

ATP-sulf urylase can regenerate ATP by 
utilization of APS and inorganic phosphate removing 

20 inorganic phosphate which causes inhibition of protein 
synthesis. When ATP-sulfurylase was added to a 
transcription- translation cell- free system along or with an 
appropriate concentration of APS, it stimulated protein 
synthesis for a significant yield. While not limiting to the 

25 subject matter of the invention, at least two mechanisms may 
be proposed for the action of ATP-sulfurylase in a cell-free 
systems : (1) ATP regeneration and (2) utilization of 
inorganic phosphate. 

Therefore, the cell free reaction system may 

30 comprise extra ATP which is regenerated using the cell-free 
extract enriched with ATP-sulfurylase. 

In an other embodiment, the cell free reaction 
system may comprise exogenous APS. 
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The In vitro synthesis according to the method 
of the invention relates more particularly to translation of 
mRNA to produce polypeptides eventually after a 
transcription of said mRNA from a DNA template. Therefore, 
5 the method of the invention further relates to a coupled 
transcription-translation in vitro synthesis. In these 
embodiments, the cell free system contains all substances 
necessary for the transcription of mRHA from a DNA template 
and trainslation of said mRNA. 

10 The in vitro synthesis according to the method 

of the invention can be carried out in a reaction vessel as 
a batch reaction. 

The in vitro synthesis according to the method 
of the invention can also be carried out continuously or 

15 semi -continuously. 

Extra ATP-sulf urylase of the cell -free system 
enriched with ATP-sulf urylase according to the present 
invention can be derived from prokaryotic organism, 
20 eukaryotic organism, transgenic vector, bacterial cell that 
has been genetically modified, B. coli extract, or can be 
purified. The extract can be prepared from cells transformed 
with a vector expressing ATP-sulf urylase. 



25 In a first embodiment of the invention, ATP- 

sulf urylase is added to the cell- free system in order to 
obtain a cell -free system enriched with ATP-sulf urylase 
(extra ATP-sulf urylase) . More particularly, extra ATP- 
sulf urylase is added to the cell-free extract. 

30 Extra ATP-sulf urylase can be added to the cell- 

free system at the beginning and/or during the in vitro 
synthesis. ATP-sulf urylase can be added at intervals during 
the synthesis. 

Extra ATP-sulf urylase can be present in the 

35 cell -free system prior to the beginning of the in vitro 
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synthesis reaction. For example, extra ATP-sulfurylase can 
be present in the cell-free extract. 

In a second embodiment of the invention, the 
cell- free system comprises a cell- free extract prepared from 
cells transformed with a vector over -expressing ATP- 
sulfurylase. 

In practice, ATP-sulfurylase concentration is 
adapted according to experimental conditions and 
particularly to the protein to be expressed. 

Optimization of ATP-sulfurylase concentration 
required for an optimal protein expression in a cell -free 
system can be achieved by titration of ATP-sulfurylase in a 
range for example from 0.1 to 10 U/ml with or without APS. 
The concentrations which support maximum of protein 
production and longer duration time of protein expression in 
a linear mode can be considered as an optimized for these 
experimental conditions . 

Advantageously ATP-sulfurylase is present in the 
cell free extract enriched v/ith ATP-sulfurylase at an 
initial concentration of at least about 0.1 U/ml and more 
advantageously of about 0.5 U/ml 

The present invention relates also to a cell- 
free system enriched with ATP-sulfurylase for enhancing In 
vitro synthesis of biological macromolecules according to 
the ahavG method. 

A cell free system enriched with ATP-sulfurylase 
according to the present invention constitutes a cell free 
reaction mix for in vitro synthesis of biological 
macromolecules where ATP is required as a primary energy 
source. It can be prepared from any commercial cell-free 
reaction mix such as Novagen or Invitrogen, or standard or 
modified S30 extract by adding extra ATP-sulphurylase to 
said cell free reaction mix. Therefore, the invention is 
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directed to cell -free system comprising a cell -free extract 
enriched with ATP-sulfuarylase. 

The cell -free system can further comprise 
exogenous APS. It can also comprise all substances necessary 
5 for the translation of mRNA and transcription of mRNA from a 
DNA template. 

As indicated above, extra ATP-sulf urylase 
presents in the cell free extract enriched with ATP- 
sulfurylase of the invention can be derived from prokaryotic 
10 organism, eukaryotic organism, transgenic vector, bacterial 
cell that has been genetically modified, E. call extract, or 
can be purified. 

The cell -free extract enriched with ATP- 
sulfurylase can be prepared from cells transformed with a 
15 vector over-expressing ATP-sulf urylase. 

Advantageously, ATP-sulf urylase is present in a 
concentration of at least about 0.1 U/ml and more 
preferentially at least about 0.5 U/ml. 

An example of a cell -free system on the basis of 
20 which can be prepared a cell- free system enriched with ATP- 
sulf urylase according to the present invention comprises : 

- cell -free extract which contains the enzymes 
and factors necessary for transcription and translation; 

monomers for the macromolecule to be 
25 synthesized (e.g. amino acids, nucleotides, etc.), 

- an energy regeneration system like acetyl 
phosphate (AcPh) and acetate kinase phosphoenolpyruvate 
(PEP) and pyruvate kinase or creatine phosphate (CrPh) and 
creatine kinase etc, and 

30 - eventually a template for production of 

macromolecule, e.g. DNA and/ or mRNA etc. 

Such cell -free systems are well-known in the 
art, and have been described in the literature (see for 
example Kigawa et al., 1999). 
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In the invention the cell- free system is further 
enriched with ATP-sulfurylase. 

The invention also relates to a cell -free 
5 extract enriched with ATP-sulfurylase according to the above 
cell-free system enriched with ATP-sulfurylase* 

An example of a cell -free extract on the basis 
of which can be prepared a cell -free extract enriched with 

10 ATP-sulfurylase according to the present invention comprises 
the enzymes, factors and components of a cell's protein 
synthesis machinery e.g, ribosomes, tRNA, polymerases, 
transcriptional factors, etc. 

Such cell -free extracts are well-known in the 

15 art, and have been described in the literature (Zxabay G et 
al. (1973) In vitjro synthesis of proteins in microbial 
system, Aixnu Rev Genet, 7:267287 ; Roberts BE et al . (1973) 
Efficient translation of tobacco mosaic virus RNA and rabbit 
globin 9S RNA in a cell-free system from commercial wheat 

20 germ, Proc i^atl Acad Sci USA, 70: 2330-2334 ; Pelham HRB et 
al. (1976) An efficient mRNA- dependent translation system 
from reticulocyte lysates. Bur J Blochem, 67:247-256 ; 
Shimizu Y. et al (2001) Cell-free translation reconstituted 
with purified components, Biotech. Nature, 19, 751-755) . 

25 

Examples . 

The following examples are offered to illustrate 
but not to limit the present invention. 

30 Example 1 ; Synthesis of B-lactamase versus ATP- 

sulfurylase concentration in a cell-free transcription- 
translation system from Invitrocyen > 

The standard reaction mixture of 50 |jl1 for cell- 
free transcription-translation system employing the ATP- 
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sulfurylase-dependent utilization of inorganic phosphate and 
ATP regeneration consist of the following components in 50 
jXl : 25 111 of I VPS E. coli Extract (composition proprietary 
of Invitrogen, Expressway in vitro protein synthesis system 
5 E. coli. Cat no. 12333.019), 20 fJl of 2.5xIVPS E. coll 

reaction buffer (composition proprietary of Invitrogen) , 1 
\ll of T7 RNA polymerase (composition proprietary of 

Invitrogen), and 0.1 mg/ml of PGR product encoding for 
lactamase. 

10 In this reaction, ATP-sulfurylase was added in 

concentrations of 1.7 euad 3.5 U/ml. Reactions were conducted 
for 2 h in a water bath set at 37^C according to 
manufacturer's instructions (Invitrogen). Detection of p- 

lactamase activity was done by nitrocef in test as described 
15 by O'Callaghan et al . [O'Callaghan C.H., Morris S.M., Kirby 
S.M., Shingler A.H, AntimlcroJb. Agents Chemother 1972, 1: 
283-288] . 50 jil from cell-free transcription-translation 

reaction mix, diluted 600 fold, was mixed with 150 \il of 

nitrocefin (16 jig/ml) in a well of a microtitration plate 

20 and OD at 486 nm was measiared. S. cerevisiae ATP-sulf uaryl^se 
was from Sigma. 

The use of exogenous ATP-sulfurylase seems to be 
significant in the expression of proteins particularly 
sensitive to the concentration of inorganic phosphate. The 

25 final yield of p- lactamase was 3 fold that of the experiment 

carried out without added extra ATP-sulfurylase. 

Example 2 ; Synthesis of lactamase versus ATP- 
sulfurylase concentration in an E. coll cell-free 
30 transcription- translation system from Novagen . 
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The standard reaction mixture of 50 [il for cell- 

free transcription-translation system employing the ATP- 
sulfuryl as e- dependent utilization of inorganic phosphate and 
ATP regeneration consist of the following components in 50 
fll: 25 |xl of IVPS E. coli Extract (composition proprietary 
of Novagen, Introductory EcoPro™ T7 System. Cat. • 70888- 
3), 20 111 of 2.5XIVPS E. coli reaction buffer (composition 
proprietary of Novagen) , and 0.1 mg/ml of PGR product or 0.2 
mg/ml of plasmid DNA,. both encoding for jj- lactamase. 

In this commercial extract ATP-sulf urylase was 
added in concentrations of 0.6, 1.7 and 3,5 U/ml. Reactions 
were conducted for 1 h in a water bath set at 37°C according 
manufacture instructions (Novagen) . Detection of p- lactamase 
activity was done by nitrocefin test (see Pig. 1) . 50 jil 
from the cell-free transcription- translation reaction mix^ 
diluted 40 fold^ was mixed with 150 jxl of nitrocefin (16 

pg/ml) in a well of a microtitration plate and OD at 486 nm 
was measured. S. cerevisiae ATP-sulf urylase was from Sigma. 

The effect of added ATP-sulf urylase on the p- 
lactamase expression level is striking, reaching a 10-fold 
higher level than that without ATP-sulf urylase in the 
coli cell-free transcription-translation system from 
Novagen . 

Example 3 ; Synthesis of B- lactamase versus 
ATP-sul furylase concentration in a cell-free protein 
synthesis system constructed according Kiqawa et al. (1999) . 

The standard reaction mixture of 50 |Jll for cell- 
free transcription- translation system as described by Kigawa 
(1999) with 0.3 volumes of S30 extract was used. In the S30 
extract ATP-sulfurylase was added in concentrations of 1.7 
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and 3.5 U/ml. Reactions were conducted for 3 h In a water 
bath set at 30**C. 50 ^il from cell-free transcription- 
translation reaction mix, diluted 600 fold, was mixed with 
150 \il of nitrocefin (16 ixg/ml) in a well of a 

5 microtitration plate and OD at 486 nm was measured. 

S30 JB. coll extract was prepared as described by 
(Zxabay G. (1973) 7 RNA polymerase was from (Hybaid) , S. 
cerevisiae ATP-sulf urylase was from Sigma. 

The ATP-sulfurylase addition into the B. coll 
10 cell -free transcript ion- translation system prepared as 
described by Kigawa et al (1999) increases the level of p- 

lactamase expression up to 3 -fold, similar to the result 
with the Invitrogen mix. 

Table 1 hereunder reports the stimulation of p- 

15 Lactamase expression by addition of ATP-Sulfurylase (ATP-SP) 
in different transcription- translation cell- free systems 
programmed with PGR templates. ^Lactamase expression is 

expressed in relative activity (%) . 
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Table 1 





Cell-free systems / ATP-SP, U/na 


no 


0.6 


1.7 


3.5 


Invitrogen 


27% 




73% 


100% 


Novagen 


10.6% 


71.3% 


88.4% 


100% 


Kigawa et al 


32% 




59% 


100% 



Example 4 ; Kinetics of synthesis of B-lactamase 

in the absence or presence of ATP-sulf urvlase in an aoli 
5 cell-free translation system . 

The standard reaction mixture of 50 jil for cell- 

free translation system as described by Kigawa (1999) -with 
0.3 volumes of S30 extract was used* 

In the S3 0 extract prepared as described by 
10 Zubay et al . (1973) ATP- sul f urylase was added in 
concentrations of 1,5 U/ml • Reactions were conducted in a 
water bath set at 30''C. 50 (Xl taken from cell-free 
transcription-translation reaction mix at different time 
points, diluted 600 fold, were mixed with 150 \il of 

15 nitrocefin (16 |ig/ml) in a well of a microtitration plate 
and OD at 486 nm was measured. 

3. cerevlaiae ATP-sulfurylase was from Sigma. 
Table 2 hereunder reports the lactamase 

relative activity (%) versus reaction time in the absence and 
20 presence of ATP-sulfuiYlase. 
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Table 2 





lactamase relative activity (%> in 

B. coll cell -free translation system 


^ SI •! r^in +* A TYI A I TYl 4 \ 


Without ATP-SP 


With ATP-SF 


J.D 


1.8 


6.3 




5.4 


26 


60 


14 


54 


80 


20 


70 


120 


27 


92 


150 


30 


100 


180 


27 


100 



The kinetics of ^-lactamase cell-free synthesis 

show that a 3 -fold increase in protein production could be 
5 observed after 30 minutes of translation system incubation. 

Example 5 ; Synthesis of B-lactamase in the 

absence and presence of ATP-sulf urylase from S. cerevlai&e 
in an E. coll cell- free transcription-translation system . 
10 The standard reaction mixture of 50 |Lil for cell- 

free translation system as described by Kigawa (1999) 
employing the ATP-sulf urylase-dependent utilization of 
inorganic phosphate and ATP regeneration consist of the 
following components in 50 60 mM Hepes pH 6.2, 1.2 mM 

15 ATP^ 0.8 mM GTP, 1 mM DTT, 0.64 mM cAMP, 200 mM potassium 
glutamate, 80 mM NH4 (OAc) , 6 mM M9(OAc)2, 34 Jig/jll folinic 

acid, 0.2 mg/ml of PGR template, 1 U/p,l T7 polymerase with 

0.3 volumes of S30 was used. In the reaction mixture ATP- 
sulf urylase was added in concentrations of 1.5 U/ml . 
20 Reactions were conducted for 3 h in a water bath set at 
3 0°C. 50 |il aliquotes were taken from cell-free 

transcription-translation reaction mix at different time 
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points, diluted 60 0 fold, were mixed with 150 ^1 of 
nitrocefin (16 IXg/ml) in a well of a microtitration plate 

and OD at 486 nm was measured. 

T7 RNA polymerase was from (Hybaid) , 3 . 
5 cerevisiae ATP-sulfurylase was from Sigma* 

Table 3 hereunder reports the P- lactamase 

relative activity {%) versus reaction time in the absence 
and presence of ATP-sulfurylase. 



Table 3 





P-lactamase relative activity (%) 

in E. coll cell -free 
transcription-translation system 


Reaction time (mln) 


Without ATP-SF 


With ATP-SF 


30 


4.7 


8.6 


60 


10 


26 


80 


16.2 


49 


120 


25 


70 


150 


29 


80 


180 


45 


89 


240 


52 


100 



10 

These experiments show that ATP-sulfurylase has 
a great effect on p-lactamase synthesis. Indeed, ^--lactamase 

production after one hour of reaction was 3 fold greater 
than the one obtained without ATP-sulfurylase. 

15 

Example 6 : Synthesis of 3- lactamase with and 

without ATP-sulfurylase in a Bacillus aubtllls cell-free 
translation system > 

The standard reaction mixture of 50 ill for cell- 

20 free translation system employing the ATP-sulf urylase- 
dependent utilization of inorganic phosphate and ATP 
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regeneration as described by Kigawa (1999) with 0.3 volumes 
of S30 extract prepared as described by Chatnbliss et al . 
(Chambliss G- H. et al. : Bacteria in vitro protein- 
synthesizing systems; Methods in enzymology (1983), 101, 
5 598-605) . In the S30 extract ATP-sulf urylase was added in 
concentrations of 1 U/ml, Reactions were conducted for 3 h 
in a water bath set at 30**C. 50 \il aliquot s were taken from 

cell-free transcript ion- translation reaction mix at 
different time points, diluted 500 fold, were mixed with 150 
10 111 of nitrocefin (16 |Xg/ml) in a well of a microtitration 

plate and OD at 486 nm was measured* 

S. cerevisiae ATP-sulf urylase was from Sigma. 
Table 4 hereunder reports the p- lactamase 

relative activity (%) in the cell-free translation system 
15 based on Bacillus subtilis extract in the absence and 
presence of ATP sulf urylase 

Table 4 



Time (mizi) 


Cell -free translation 
without ATP-SP 


Cell- free translation 
with ATP-SF 


30 


14,4 


51 


60 


24, 5 


69,4 


180 


36,1 


83 


240 


40,4 


100 



The production of p-lactamase in the Bstclllus 

20 subtilis transcript ion- translation system in the presence of 
ATP -sulf urylase was increased up to 2*5 fold compared to the 
one obtained without ATP-sulf urylase . The effect was 
observed after 30 minutes of incxibation. 
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Wbat is claimed is s 

1) A method for enhancing in vitro synthesis of 
biological macromolecules in a cell -free system where ATP is 

5 required as a primary energy source, wherein said cell -free 
system is enriched with ATP-sulfurylase 

2) The method of claim 1, wherein the biological 
macromolecules are polymeannolecules such as nucleic acids, 

10 proteins and fragments thereof. 

3) A method according to anyone of claims 1 or 
2, wherein the cell free system comprises extra ATP. 

15 4) A method according to anyone of claims 1 or 

2, wherein the cell free system comprises exogenous APS. 

5) A method according to anyone of claims 1 to 
4, wherein said in vitro synthesis comprises translation of 

20 mRNA to produce polypeptides. 

6) The method of claim 5, wherein said In vitro 
synthesis comprises also transcription of mRNA from a DNA 
template . 

25 

7) A method according to anyone of claims 1 to 
6, wherein said in vitro synthesis is carried out in a 
reaction vessel as a batch reaction. 

30 8) A method according to anyone of claims 1 to 

8, wherein said in vitro synthesis is carried out semi 
continuously or continuously. 
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9) A method according to anyone of claims 1 to 
8, wherein ATP-sulfurylase is added to the cell -free system 
at the beginning and/ or during the in vitro synthesis. 

5 10) The method of claim 9, wherein extra ATP- 

sulfurylase is added to the cell-free system at intervals 
during the in vitro synthesis. 

11) A method according to anyone of claims 1 to 
10 8, wherein the cell-free system comprises a cell-free 

extract prepared from cells transformed with a vector over- 
expressing ATP- sulfurylase. 

12) A method according to anyone of claims 1 to 
15 11, wherein ATP- sulfurylase concentration is adapted 

according to the experimental conditions and the biological 
macromolecules to be synthesized. 

13) A method according to anyone of claims 1 to 
20 12, wherein ATP -sulfurylase is present in the cell-free 

system at an initial concentration of at least about 0 . 1 
U/ml. 

14) The method of claim 13, wherein ATP- 
25 sulfurylase is present in the cell-free system at an initial 

concentration of at least about 0.5 U/ml . 

15) A cell-free system enriched with ATP- 

sulfurylase. 

30 

16) A cell -free system according to claim 15 
comprising exogenous APS. 

17) A cell -free system according to anyone of 
35 claims 15 or 16 comprising all substances necessary for the 
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translation of mRNA and transcription of tnRNA from a DNA 
template . 

18) A cell -free system according to anyone of 
5 claims 15 to 17 comprising a cell -free extract enriched with 

ATP-sulf urylase - 

19) A cell -free system according to anyone of 
claims 15 to 17, wherein extra ATP-sulf urylase is derived 

10 from prokaryotic organism, eukaryotic organism, transgenic 
vector, bacterial cell that has been genetically modified, 
E. coll extract, or is purified, 

20) A cell -free system according to claim 18, 
15 wherein the cell- free extract enriched with ATP-sulfurylase 

is prepared from cells transformed with a vector over- 
expressing ATP-sulfurylase, 

21) A cell -free system according to suayone of 
20 claims 15 to 20, wherein ATP-sulfurylase is present in a 

concentration of at least cibout 0.1 U/ml. 

22) A cell -free system according to claim 21, 
v^herein ATP-sulfurylase is present in a concentration of at 

25 least about 0.5 U/ml. 

23) A cell -free extract enriched with ATP- 
sulfurylase . 

30 24) A cell -free extract according to claim 23 

comprising exogenous APS. 

25) A cell -free extract according to anyone of 
claims 23 or 24 comprising all substances necessary for the 
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translation of mRNA and transcription of mRNA from a DNA 
template . 

26) A cell-free system according to anyone of 
claims 23 to 25, wherein extra ATP-sulfurylase is derived 
from prokaryotic organism, eukaryotic organism, transgenic 
vector, bacterial cell that has been genetically modified, 
JB. coli extract, or is purified. 

27) A cell-free system according to anyone of 
claims 23 to 25 prepared from cells transformed with a 
vector over -expressing ATP-sulfurylase . 

28) A cell ^ free extract according to anyone of 
claims 23 to 27, wherein ATP-sulf urylase is present in a 
concentration of at least about 0.1 U/ml. 

29) A cell -free system according to claim 28, 
wherein ATP-sulf urylase is present in a concentration of at 
least about 0.5 U/ml. 
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METHODS AND COMPOSITIONS FOR IN VITRO SYNTHESIS 
OP BIOLOGICAL MACROMOLBCULES IN A CELL-FREE SYSTEM ENRICHED 
WITH ATP-SULFURYLASE» 

The present invention provides methods and 
composition for enhancing in vitro synthesis of biological 
macromolecules in a cell -free system where ATP is required 
as a primary energy source, wherein said cell-free system is 
enriched with ATP-sulf urylase 

The invention relates also to as cell -free 
systems and cell -free extracts enriched with ATP-sulf urylase 
for enhancing in vitro synthesis of any biological 
macromolecules . 
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